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International Space Station Cathode Life Testing Status

Timothy R. Sarver-Verhey and George C. Soulas
Dynacs Engineering Co., Inc.
NASA Lewis Research Center Group
Brook Park, OH 44142

To demonstrate adequate lifetime and performance capabilities of hollow cathode for use on the In-
ternational Space Station (ISS) plasma contactor system, life tests of multiple hollow cathodesemblies
(HCAs) were initiated at operating conditions simulating on-orbit operation. Three HCAs are presently
being tested. These HCAs are operatewith a continuous 6 sccm xenonflow rate and 3 A anode cur-
rent. Emission current requirements are simulated with a square waveform consisting of 50 minutes at
a 2.5 A emissioncurrent and 40 minutes with no emission current. As ofJuly 1998, these HCAshave
accumulated between 11,700 and 14,200 hours. While there have been changes in operdiglgavior,
the three HCAs continue to operate stably within ISS specifications and arexpected to demonstrate
the required lifetime.

Introduction tron emitter installed at the downstream end. A
sheathed heater is mounted on the exterior of the
A hollow cathode-based plasma contaceystem  cathode tubdor conditioning and ignition. Arinte-
has been baselinedor use on the International gral anode shell is mounted around the cathode and
Space Station to reduce spacecraft electrical chargelectrically isolated from it.
ing! The plasma contactor system provides a low
impedance connection to space plasmith a hol- Test Configuration
low cathode assembly (HCA). The operational re- All of the HCAs are operated continuously with a
quirements of the HCA include an electremission  fixed current of 3 A between the cathode and anode.
capability of up to 10 A and an operatioridetime For mission profile life testingeach HCA emits an
of 18,000 hours. Other component-level tests, includ-additional current to an external anodplate
ing a hollow cathod€, cathodeheatet life tests, mounted downstream. A bias voltage is applied to
and anaccelerated cyclidgnition test! have been  this plate to extract the simulated spacecfarge
conducted as part of theffort to demonstratecom- control current. A photograph of an HCA/biasode
pliance with mission requirements. arrangement is shown in Figure 1. All HCA/bias an-
In order to demonstrate the lifetimeapability, ode configurations and their respectipewer sup-
multiple high-fidelity development model HCAs are plies are electrically isolatedfom each other, and
being life-tested to 27,000 hours at conditions simu-from vacuum facility ground.
lating on-orbit operation. Tdate, three HCAs, des-
ignated HCA-003, -010, and -013, hasecumulated Power Supplies
12,400, 11,700, and 14,200 hours, respectively. A Commercial power supplies are used tmperate
fourth HCA had alsobeen under test but thigest the HCA heater and discharge and to extract the
was voluntarily terminated at 8,000 hourscionduct  bias current. All power supplies are operateccun-
destructive analyses prior to the H@Atical design  rent controlled mode. The heater and an@dever
review. The HCA condition wagxcellent and has supplies provide up to 8.5 A and 3.0 Aespectively.
been reported elsewhetrd@his report will update an  The bias power supply can provide up to 10 A, al-
earlier work® by discussing the operatingerform- though a current of 2.5 A is usddr life testing. An
ance of HCAs -003, -010, and -013ince hours breadboard ignitor supglyprovided a high-voltage

10,900, 7,800, and 10,200, respectively. puls€ to ignite the HCA discharges.
Laboratory Gas Feed Systems
Apparatus One of the two gas feed systems useddétiver
xenon to the HCAs is shown in Figure 2. Thkenon
Hollow Cathode Assembly flow rate is measured and controlled with mass

A development modeHCA design was used for flow controller. A mass flowmeter is located up-
mission profile life testing. While there amminor stream of theflow controller to provideredundant
differences between the development model andfow measurement. Protocols developddr the
spaceflight designs; they are functionallyidentical plasma contactor program are usednidigate xe-
and the test results are expected to be Viaidhe non gas contaminatiothroughout the course dtffiis
flight hardware. Briefly, the HCA consists of an test. Further details on the feed systems hbgen
orificed cathode tube with bw-work function elec- discussed previously.
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Vacuum Facility emission current is required and the discharge is
The mission profile life testing is being performed maintained at an anode current of 3.0 A. This profile
in a 1.0 m diameter x 1.5 m long stainless stealk is repeated continuously.
evacuatedwith a 0.89 mdiameter cryo-pump. This Some deviationdrom these nominal test condi-
cryo-pump has a pumping speed agbproximately tions are noted. HCA-010 was briefbperated in an
1,300 L/s on xenon which maintains the facility at a on-off mode to support @lasma contactorsystem
base pressure of 3.0 x4®a (2.3 x 18 Torr) and a  trade study examining xenon usage. During operation
pressure of 2.0 x 10Pa (1.5 x 10 Torr) during HCA  in this mode, the HCA discharge was ignitfast

operation. prior to each emission period and extinguished at the
start ofeach idleperiod. Theon-off mode was initi-
Data Acquisition and Control System ated athour 2,370 and washanged back to con-

Life testing is controlled and monitored by com- tinuous-on mode after hour 6,445, aftauccessfully
puter.Heater, anode, and bias currents, xefflow completing 4,369 cycles, as indicated in Table 1.
rate, and test sequencing are the contariameters
for the life test. Test chamber pressure, heater, an-
ode, and bias voltages, and cathotEmperature Results and Discussion
data are automatically acquired amdonitored to
terminate life testing in case of an off-normal condi- To date, there have been 35 tdsterruptions.
tion. Finally, AC components of anode arias These interruptions occurred as a result of facility or
voltages and currents are measured manually withtest support equipment failures. None of the interrup-
an oscilloscope. tions were due to the HCAs, and thesleut-downs

were performed in a manner which did not compro-

mise the integrity of the HCAs. The behavior of the
Test Procedures and Operating Conditions anode and bias voltages at the end of idle emis-

sion periods is used as the main indicator of HCA

For all testing, cathode conditioning and ignition health. The ignition times and performanegalua-
procedures used in these tests are the santhoae  tions are also used to assess the conditiomraath
for the spaceflightHCAs! Whenever the HCA was HCA during life testing. The results of the HCAs -
exposed to air, cathode conditioning procedures003, -010, and -018ollected sincehours 10,900,
were conducted to prepare the cathodkectron 7,800, and 10,200, respectively will bhgresented
emitter for operation. and discussed.

The HCA discharge is ignited with the following
procedure. A heater current of 8.5 A is appliédter HCA Performance Evaluations
a fixed period, xenon gas flow isitiated andfol- HCA performance was evaluated during the course
lowing a short flowstabilization period, theanode  of life testing by measuring the anode voltage over a
open circuit voltage and ignition pulse are applied. range of xenon flow rates at a fixed current. Figure 3
Heater power is maintained until an anode current isshows the performance of HCA-003 at the start of
detected. Immediately after ignition, the ignitor and the test segments. As can be seen, the amnodte
heater power supplies are turneff and the dis- age behavior has remained approximately shene,
charge between cathode and anode is allowed tavith some variation in voltage levels. Thperform-
stabilize. The ignition procedure is describedfur ance ofHCAs -010 and -013xhibited similar be-
ther detailelsewheréd. A performance evaluation of havior, as shown in Figure 4. In this figure, the HCA
the HCA is typically conducted at the startedch  anode voltages were averageddom all profiles
test segment during which anode voltages ragas-  measured to date. The voltages at 6 sccm have
ured as a function of xenon flow rate at a fixed an-ied within a maximum bandwidth &5 V over the
ode current. Life testing is then initiated (or re- course of the life tests. This bandwidth is similar to
sumed). that observed in a 28,000 hour hollmathode life

The HCA operating conditionfor all testing are test? The small differences in anode voltage be-
listed in Table 1. Test conditions were defined by atween the three HCAs can be attributed dlight
previous study which found that theternational variations in HCA geometry.

Space Station will require on average afectron

current during approximately 50 minutes of the 90 Life Test Performance

minute orbital period® Although the HCA is de- As of July 1998, HCAs -003, -010, and -01&ve
signed to provide an electron emission current of upaccumulated 12,400, 11,70@nd 14,200 hours of
to 10 A, the maximum sustained electremission  operation, respectively. Operation on all devices has
current is anticipated to be approximatéyb A dur- remained within the specifications of the I$&A.

ing this emission perio¥l.During the remaining 40 These specifications include ignition within 30 min-
minutes of the orbit, the idle period, relectron utes and operating anode voltagesA0 VDC! The
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anode voltage and ignition time behavior date noise began to occur during idle periods afteveral
will be examined in this section. thousand hours of operation. This noise vgawmilar
As mentioned previously, anode and biadtages  for all HCAs because it has been low-frequency (~1
are monitored to determine the condition of the Hz) and non-periodic. However, the magnitude and
HCAs. Figures 5-7 show the anode and hiattages time of appearance of the noidéfers between the
at the end of idle and emission periofts each  three HCAs, with the noise ranging betwe@® and
HCA. To date, none of the devices haeshibited 4.0 V peak-to-peak Additionally, none of the de-
monotonic changes in anode or bias voltages ovewices has exhibited any monotonic increases in the
the course of life testing which woulddicate life- noise to date. The observed characteristitdicate
limiting changes. There have been repeated in-that the noise is not due to transititmom spot to
stances of increases of several volts occurring oveplume noise.
periods of several thousarburs. However, similar While the cause of the increased ignitidimes
increases have occurratlring these life tests as and anode voltage noise during the idle period is
well as during a hollow cathode life tésifter which unknown, it is suspected that they are likely due to
the voltages eventually returned to lowealues. changes in the lowvork-function surface formation
HCA end-of-period voltagedor all three devices process in the electron emitter. These changes would
have varied within a maximum bandwidth @B V, be consistent with cathode agihin particularsince
as shown in Table 2. they have begun to occur after several thousand
Another indicator of HCA condition is the time for hours of operation. Another factor that may contrib-
ignition to occur, as measurdtbm the start of the ute to these changes is the operating mode which
pre-heat. The ignition timefor the three HCAs over results in the HCA operating at two differeainis-
the course of the life test are shown in Figure 8. Thesion levels. While the causes listed above are specu-
time required to ignite the HCAs has generdligen lated to be occurring, a comprehensixeplanation
less than 6 minutes for all HCAs, whichdbkaracter-  for all of the changes will likely have to wait until
istic for this HCA design.Ignition times greatethan post-test destructive analyses of thH&As can be

6 minutes occurred during thaitial series of igni-  performed.

tions following HCA fabrication, which igypical. All of the HCAs continue to operate within ISS
Recently, two devices have required longer times tospecifications and have not exhibited any rapid or
ignite. monotonic changes which could indicat@mminent

HCA-003 has requirethetween11.8 and 23 min- failure.
utes to ignitefor ignitions 37, 38, and 42. Ignitions
39-41 and 43-45 all required 6.6 minutes or less. All
of these ignitions occurred between hours 10,860 and Concluding Remarks
12,415. Theincreased ignition times all occurred
following conditioning of the HCA whereas the  Mission profile life testing of developmenmhodel
shorter ignition times occurred when the device wasHCAs is on-going. Three HCAare presently being
restarted without conditioning (not requiredthese  life tested under conditions simulating projected on-
times). This behavior suggests that tldectron  orbit conditions. As of July 1998, these devidesve
emitter condition is responsibléor the increased accumulated betweeri1,700 and 14,20Chours.
ignition times, however, anode and biasltages They have demonstrated the longest lifetime of any
and their dynamic behavior has been relativstg- xenon hollow cathode operated at multigmission
ble over the period of these ignitions. currents. HCA operation, as determined agyode

HCA-010 ignitiontimes were less than @inutes  and bias voltage behavior, has been relativetly-
up to ignition 31 of mission profile life testinghese  ble. While there have been changes HEA per-
include all of the 4,358 ignitions performetiiring formance, operation has remained within the ISS
the operation iron-off mode when the deviceypi- specification. At this time, none of the observed
cally ignited within 3.7-4.0 minutes. However, the changes are anticipated to prevent the demonstration
ignition time exceed 6 minuteduring ignitions 32,  of the required lifetime.
33, and 37-39. The ignitiotime reached a maxi-
mum of 12 minutes during its last ignitiokunlike

HCA-003, theincreased ignition times did not only References
occur after conditioning, however the HCA hhden
conditioned prior to ignitions 32, 33, and 38. ! patterson, M.J., et al., "Space Station Cathode De-

The AC components of anode and biasltages  sign, Performance, and Operating Specifications,"
(‘noise’) are checked periodically to verify that spot IEPC Paper 97-170, August 1997.
mode operation is beingnaintained. While low 2 Sarver-Verhey, T.R., “28,000 Hour Xenon Hollow
levels of noise are normal and have bemmsent Cathode Life Test Results,” NASA/CR-97-206231,
throughout life testing,increased anodevoltage IEPC Paper 97-168, November 1997.
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% Soulas, G.C., "Status of Hollow Cathode Heater ¢ Hamley, J.A., et al., "Development of a Power
Development for the Space Station Plasma Contac- Electronics Unit for the Space Station Plasma Con-
tor," AIAA Paper 94-3309, July 1994. tactor,"” IEPC Paper 93-052, September 1993.

4 Zakany, J.E. and Pinero, L., “Space Station Cath- 7 Soulas, G.C., "Multiple Hollow Cathod&'ear Test-
ode Ignition Test Status at 32,000 Cycles,” IEPC ing for the Space Station Plasma Contactor," AIAA

Paper 97-167, August 1997. Paper94-3310, June 1994.
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tional Space Station Cathode Life Testing,” sion of Maxwell Labs, San Diego, CA, July 1994.

NASA/CR-97-206230, November, 1997.

Table 1 Life Test Operating Conditions

HCA Life On-off Anode Bias Emission Idle
Desination | Test [ Cycles' | cyrrent, | current, | Period, min. | Period,
Hours min.
A A
HCA-003 0- n/a 3 2.5 50 40
12,415
HCA-010 0-2,370 n/a 3 2.5 50 40
2,370- 4,358 3 25 50 40
6,445
6,445- n/a 3 25 50 40
11,667
HCA-013 0- n/a 3 25 50 40
14,158

2HCA discharge is extinguished during the idle periods.

Table 2 Life Test Voltage Bandwidths

Voltage Bandwidths
HCA Accumulated | Idle Period Emission Period
Designation Hours? Anode, V Anode, V Bias, V
HCA-003 12,415 5.3 25 4.9
HCA-010 11,667 6.9 4.8 5.1
HCA-013 14,158 5.1 3.5 3.9

2 As of July 1998.
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Figure 1. Photograph of development model HCA with an external bias anode used for mission profile
life testing. The external bias anode is to the right in the photograph.

Figure 2. Xenon feed system used for mission profile and ignition testing.
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of the evaluation data sets for each device.
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